The human-dog relationship is at least 16,000-years old and is mutually beneficial to both dyadic members. When the human-dog relationship becomes dysfunctional, however, there can be serious consequences for both parties and for society. Unfortunately, dysfunctional dyads are normally only identified after consequences have been felt (e.g., dog-human aggression) limiting the action that can be taken to prevent such occurrences. To evaluate whether these dysfunctional dyads can be preemptively identified, a questionnaire analyzing the owners' dog health care histories was administered to an urban dog owning population. Multiple correspondence analysis (n = 1,385) was conducted and identified three clusters accounting for 37.1% of the total variance, while four moderate positive correlations were found: "unspecified trauma" with "vehicular trauma" (r = 0.303, p < 0.001), "bitten" with "bit other animal" (r = 0.345, p < 0.001), "bit a person" with "bit other animal" (r = 0.369, p < 0.001), and "chronic illness" with "hospitalized" (r = 0.297, p < 0.001). These results suggest that a simple questionnaire can identify potential characteristics of functional and dysfunctional dyads. In functional dyads, humans tend to be responsible for their dogs' well-being, while dysfunctional dyads show the opposite characteristics, reporting experience with trauma and dog aggression.
Introduction
The human-dog relationship is believed to be at least 16,000-years old and to have evolved due to its mutually beneficial nature (Wang et al., 2015) . Within a functional human-dog dyad, the human partner benefits in a variety of ways, from using dog's capacity to work (Sanders, 2000; Greatbatch et al., 2015) through to its value as a companion animal (Davis et al., 2004; Wood et al., 2005; Nimer and Lundahl, 2007; Kuban et al., 2016) , while the dog has its basic needs provided for (food, shelter, veterinary care, etc.) . In these dyads, the human is generally considered to be the responsible party (Houpt et al., 2007) , and as such must insure that the relationship is beneficial not only to its' two members, but to society at large (Wood et al., 2005) . However, when these human-dog dyads become dysfunctional, they can present a risk not only to each member but to the general public (Lambert et al., 2015; Mongillo et al., 2015) . These dysfunctional human-dog relationships have received much attention in the recent years (O'Haire, 2010; Rehn and Keeling, 2016) in order to understand their origins and attempt to correct or at least minimize their effects. One of the hallmarks of dysfunctional human-dog dyads is the tendency for the dog to develop problem behaviors (Bennett and Rohlf, 2007; Meyer and Forkman, 2014) , the most obvious of which is dog on human aggression (Fatjo et al., 2007) . Dogs in dysfunctional dyads are often allowed to roam (Mustiana et al., 2015) , making them more likely to become involved in a vehicular accident, to harm other animals and to cause the destruction of the property. When such situations occur, the solution found for these problem dogs is frequently euthanasia (Galvis et al., 2015) . Canine euthanasia is also a frequent solution sought out by the owners for their personal convenience (Overall, 2010; Coe et al., 2014) . These consequences of problematic dyads can be severe for both human and dog, making the understanding of why and how they develop a matter of great importance. However, these dyads are notoriously difficult to identify and study, since the human partner is unlikely to easily volunteer personal information (Bennett and Rohlf, 2007; Rohlf et al., 2010) . Identification and study of dysfunctional dyads have mostly been conducted after the dog has manifested some kind of behavioral problem (Guy et al., 2001) , frequently dog-human aggression (Keuster et al., 2006; Le Brech et al., 2016) . The concern with this approach is that it takes place after the fact, making preventive measures impossible to implement. Theoretically, it should be possible to identify the quality of the humandog relationship through the knowledge of owners' dog health care histories, willingness to abide by animal welfare laws and the provision of necessary veterinary care (Rohlf et al., 2010) . The aim of this study was to evaluate whether dysfunctional human-dog dyads could be identified by analyzing each owner's dog health care history and by finding patterns or groupings that may occur. Through the administration of a simple yes/no questionnaire to dog owners in an urban setting, identification of general incidences that have been associated with dysfunction could be possible (Guy et al., 2001; Overall, 2010; Coe et al., 2014; Mustiana et al., 2015) . To our knowledge, this is the first time that ownership history has been studied in this light and it could lead to the early detection of dysfunctional dyads. Such preemptive identification may help regulatory agencies to detect the presence of dysfunctional human-dog dyads, thereby justifying the implementation of specific preventive programs (Lakestani and Donaldson, 2015) .
Materials and Methods
A simple, one-page questionnaire was developed with three distinct question categories. The first section consisted of a single question regarding the number of dogs the respondent has cared for in his or her life up until the moment they filled out the questionnaire. The second section asked binary questions regarding owner experience with different medical occurrences in their dogs' lives. The final section asked for information regarding the owner's residential parish. As suggested by Wiseman-Orr et al. (2004) , in the second section of the questionnaire, the vast gambit of possible disease processes that can occur in a dog's lifetime where condensed into simple categories. These categories used simple terms that owners would easily understand and incidents they would most likely remember (Robinson et al., 2015; . Since dog health care issues that can be time consuming and/or costly are very likely to be remembered, owners were asked whether they had owned a dog that had suffered acute illness, chronic illness, unspecified, or vehicular trauma or that had been hospitalized. These five health occurrences can be common within a normal canine life span and by using simplified, non-medical terminology (by asking about chronic illness in general as opposed to renal insufficiency, for example), the owner would be more likely to correctly identify the occurrence. Situations involving dog bites, whether the dog in question is the victim or the aggressor, are very likely to be remembered since these situations can be traumatic occurrences. As such, owners were asked if their dog had been bitten, had bitten another animal or a person. It was important to assess if experience with euthanasia could be used to identify potential problem dyads, since it is not uncommon for veterinarians to come across requests for medically unjustified euthanasia (Yeates and Main, 2011) . To evaluate this possibility, owners were asked if they had ever had a dog euthanized. The questionnaire was administered first to a small sample of dog owners at the Teaching Hospital at the Faculty of Veterinary Medicine/University of Lisbon, Portugal. This test group was questioned regarding ease of understanding and clarity of the questions.
Subsequent appropriate changes were made where necessary. Questionnaires were then distributed throughout the Greater Lisbon Metropolitan Area to various small animal hospitals, clinics, and during municipal antirabies vaccination programs for a period of 8 mo. Dog owners were asked to complete the questionnaire while in the waiting room. Care was taken in trying to include at least one clinic, hospital, or municipal kennel from each of the 18 different parish districts within the Greater Lisbon Metropolitan Area to obtain as representative a sample as possible. Questionnaires were also made available online using Google Forms™ during the same period, and its existence publicized on the Teaching Hospital at the Faculty of Veterinary Medicine/University of Lisbon website and social media. Since the data obtained from the questionnaires was nominal in nature, an initial exploratory analysis was conducted using multiple correspondence analysis (MCA). The data were further analyzed using two-way, and where appropriate, three-way chi-square analyses. IBM SPSS Statistics for Windows, version 22.0 was used for all the statistical analysis.
Results

Descriptive statistics
A total of 1,385 questionnaires were completed at the end of the 8-mo period, 733 (52.9%) online and 653 (47.1%) at the various hospitals, clinics, and municipal anti-rabies campaigns which agreed to participate. For the first section of the questionnaire, 1,371 valid answers were obtained. All 1,385 individuals completed the middle section, and every individual had at least one medical occurrence to report. The last section obtained 1,242 valid answers and was excluded from this analysis since more than 10% of the responses obtained were invalid. When asked binary questions regarding their experience with dog health care histories, more than half of the participants reported having had at least one dog with an acute illness, chronic illness, or hospitalized (Fig. 1) . Experience with aggressive behaviors was less commonly reported, and around one quarter of the participants reported experience with traumatic events (Fig. 1) .
Multiple correspondence analyses
For this analysis, the two dimensions selected, which together accounted for 37.1% of the variance observed in the samples (Table 1) showed three clear clusters (Fig. 2) . In line with other research, exploratory in nature (Costa et al., 2013) , a Cronbach's alpha lower than 0.7 was accepted due to the heterogeneous nature of the data as well as the reduced number of questions in the questionnaire (Tavakol and Dennick, 2011) . Although none of the discrimination measures were >0.5, three clusters had similar discrimination measures ( Table 2 ). The first cluster, furthest from the origin in dimension 2, groups owners reporting the http://www.openveterinaryjournal.com R. Canejo-Teixeira et al. Open Veterinary Journal, (2019) , Vol. 9(2): 140-146 variable "bit another animal" with the total number of dogs the individual reported having cared for in their lifetime. The second cluster, furthest from the origin in dimension 1, groups owners reporting the variables "vehicular trauma," "unspecified trauma," and "bitten." Finally, the last cluster, groups owners reporting both the variables "chronic illness" and "hospitalized." Further observation of the MCA analysis allows for the observation that the variable "euthanized" has been placed at the origin of both dimensions, suggesting that it represents the variable with the least deviation form independence in the sample. Bivariate correlations between variables in dimension 1 were identified (transformed variables) and found to be the same as those in dimension 2. Only correlations ≥0.3 were considered to be relevant (Costa et al., 2013) and as presented in Table 3 the variable "unspecified trauma" correlated significantly with "vehicular trauma," "bitten" correlated with "bit other animal," "bit a person" correlated with "bit other animal," and the variable "chronic illness" correlated with "hospitalized." It is important to note that this information arises from self-reporting data and as such correlation does not equal causation.
Chi-square analysis of cluster variables
Variables identified as having potential significant deviation from independence with MCA were further explored thought the use of chi-square analyses. The potential association between owners reporting chronic illness and those who reported hospitalization was significant, with 67.5% of those having experienced chronic illness with one or more dogs also referring hospitalization (χ 2 = 122.131, df = 1, p < 0.001). In the case of owners reporting having had at least one dog suffering vehicular trauma, 50.3% also reported unspecified trauma significantly more than expected (χ 2 = 127.310, df = 1, p < 0.001). Individuals who reported having cared for more than 11 dogs in their life-time reported having had at least one dog that bit another animal significantly more than expected (χ 2 = 85.236, df = 3, p < 0.001). In cases where the owner reports one or more biting occurrence, 34.8% of those reporting a dog having been bitten also report more dog(s) that bit other animals (χ 2 = 164.547, df = 1, p < 0.001), and of those reporting dog(s) that have bitten a person 51.1% also cite having one or more dogs that bit other animals (χ 2 = 188.522, df = 1, p < 0.001). As a result of this last finding, a three-way contingency table was calculated. Although individuals who reported having cared for at least one dog which was bitten also reported having at least one dog that had bitten other animals, independently of whether or not they also reported a dog that bit a person (χ 2 = 46.578, df = 1, p < 0.001 and χ 2 = 87.436, df = 1, p < 0.001, respectively), the association is much stronger within the population that reported having had at least one dog that bit a person (Cramer's V = 0.506, p < 0.001 versus Cramer's V = 0.270, p < 0.001). Analysis of the second cluster identified by MCA showed that the individuals who had not cared for dogs that suffered unspecified trauma also report less http://www.openveterinaryjournal.com R. Canejo-Teixeira et al. Open Veterinary Journal, (2019) , Vol. 9(2): 140-146 experience with dogs bitten and suffering vehicular trauma (χ 2 = 21.445, df = 1, p < 0.001). It is interesting to note that in the sample of dog owners in study, there was no single or group of medical occurrences that would make an individual more likely to choose to euthanize their dog or dogs.
Discussion
When the relationship between human and dog works well, the two individuals form a functional human-dog dyad that has been shown to be mutually beneficial (O'Haire, 2010; Wang et al., 2015) . It is when these dyads become dysfunctional that they can pose a risk to humans, animals, and the community (Lambert et al., 2015; Mongillo et al., 2015) . The most studied consequence of dysfunction is aggressive canine behavior, namely, dog bites (Fatjo et al., 2007) . However, inappropriate canine aggression is not the only sign of potential dysfunction, nor is it the only one that presents a clear and present danger to all the parties involved. Dogs that are not provided with adequate veterinary care can represent a risk to public health (Lambert et al., 2015; Sterneberg-van der Maaten et al., 2016) , those that are allowed to roam present a clear risk to public safety (Mustiana et al., 2015) and dogs that develop behavior problems are at risk of euthanasia (Bower, 2014) , abandonment (Diesel et al., 2010) , and can be difficult to re-home (Coe et al., 2014) . Before strategies to correct these issues can be developed and implemented, the human-dog dyad requires further study to understand the underlying causes of dysfunction (Meyer and Forkman, 2014) . One of the main challenges to dyadic research is persuading the human partner at the core of a dysfunctional dyad to participate in studies that require the provision of personal information (Bennett and Rohlf, 2007; Rohlf et al., 2010) . These owners may feel that such information could bring into question their moral and http: //www.openveterinaryjournal.com R. Canejo-Teixeira et al. Open Veterinary Journal, (2019) , Vol. 9(2): 140-146 ethical principles, that they will be judged negatively in other aspects of their lives, or they may be reluctant to have their fears of poor dog ownership confirmed. Taking all these facts into consideration, a different approach was implemented. This study aimed to evaluate dog health care histories (chronic disease, trauma, and euthanasia) with the intent of find patterns within human-dog dyads that may contribute to the identification of dysfunctional in a preemptive way. It has been suggested that the most visible sign of functional human-dog dyads, especially to veterinary professionals, is the willingness of an owner, as caregiver, to provide adequate medical care to their dog (Mariti et al., 2012; Rohlf et al., 2012) . To assess this issue, the questionnaire focused on diseases and hospitalization of each individual dog, as opposed to asking questions regarding willingness that owners may find too personal or invasive. In this study, 67.5% of owners who reported having had a dog that suffered from a chronic illness also reported significantly more experience with hospitalization. Most chronic illnesses in dogs require some period of hospitalization during the disease process (Polzin, 2013; Pouchelon et al., 2015) . So, it makes sense that these owners could represent functional human-dog dyads, since they are conscientious of their responsibility to provide adequate medical care. This may not be the case with less motivated owners, such as those more likely to be a part of dysfunctional dyads (Bennett and Rohlf, 2007; Rohlf et al., 2010) . In this population, 77.7% of owners who did not report experience with a dog suffering unspecified trauma also failed to report experience with a dog victim of vehicular trauma or being bitten. This would suggest that responsible members of human-dog dyads avoid situations of risk. In contrast, 50.3% of owners who reported having had a dog suffer vehicular trauma also reported significantly more unspecified trauma. These owners may represent the human half of a dysfunctional dyad, where inappropriate husbandry choices may result in an increased experience with both unspecified trauma and vehicular trauma in their dog ownership history (Rohlf et al., 2010) . In this study, among owners who reported having had a dog that bit another animal they also reported significantly more experience with a dog that bit a person (51.1%) and a dog that was bitten (34.8%).
It is interesting to note that the association between having had a dog that bites and a dog that was bitten is stronger within the group of owners that also reported experience with a least one dog that bit a person. This would seem to support the idea that individuals who have dog ownership histories that include various types of dog aggression (dog-dog and/or dog-human) represent a dysfunctional dyad (Tami et al., 2008; Cornelissen and Hopster, 2010) . In such cases, owners may not understand the importance of dog training and socialization or even be aware that they are part of a potentially dysfunctional partnership. These individuals may believe that they are providing adequate dog care, and it is here that educational programs maybe the most effective (Lakestani and Donaldson, 2015; Schwebel et al., 2015) . Through education, the owner can be made to understand how they are contributing to the problem within the dyad and given the tools to make relevant and lasting changes. By asking owners to report on how many dogs, they had cared for up until the moment they filled out the questionnaire, the intention was to evaluate, albeit in a preliminary fashion, if experience with owning a larger number of dogs changed the type of dog health histories reported. It has been suggested that the more experience a person has with individual animals, the more knowledgeable they will be (Bennett and Rohlf, 2007; O'Connor et al., 2016) . The results of this study are not in agreement with this statement, at least when it comes to dog on dog aggression. People who reported having owned more than 11 dogs also reported more experience with having had at least one dog that bit another animal. This could be because more experience with dog ownership may make owners more careless when it comes to intra-species aggression (Kubinyi et al., 2009) . It is important to note, however, that this study did not identify how many dogs were being cared for simultaneously. As such, it could be that this raise in intra-species aggression results from situations of overcrowding (Tami et al., 2008) and is not related to owner experience. In this case, these owners may represent dysfunctional dyads, since there is a limit to how many dogs one individual can safely and legally care for (Assembleia da República, 2003) . It has been suggested that medically unjustified euthanasia can be seen by owners as a simple solution to their particular "problem pet" (Houpt et al., 2007; Coe et al., 2014) , and as such, could be a marker of dysfunctional dyads. In this population, however, owner experience with euthanasia was not helpful in anticipating the existence of dysfunctional dyads. The absence of any association between euthanasia and any other variable under study could be due to a negative cultural view on euthanasia in general, since many individuals wish their pet to have a natural death in the family home. This can be true in both functional and dysfunctional dyads. As the human-dog bond becomes increasingly relevant, the problem of dysfunctional human-dog dyads has been receiving increased attention. Such dyads represent a problem to society and place the individuals within the dyad, both human and canine, at risk (Lambert et al., 2015; Mongillo et al., 2015) . As previously stated, human members of dysfunctional dyads are notoriously difficult to study, making these relationships visible only after the negative impact of inappropriate canine behavior has been felt (Drobatz and Smith, 2003; Kahn et al., 2003; Rosado et al., 2009; Matthias et al., 2015) . This study has shown that it should be possible http: //www.openveterinaryjournal.com R. Canejo-Teixeira et al. Open Veterinary Journal, (2019), Vol. 9(2): 140-146 to identify potential characteristics both of functional and dysfunctional dyads by using data from a simple one page yes/no questionnaire. Human members of functional dyads tend to be responsible for their dogs' wellbeing, providing the necessary veterinary care and avoiding situations of risk. On the other hand, owners that maybe part of dysfunctional dyads show the opposite characteristics, reporting experience with various kinds of trauma and dog aggression. This suggests that human members of dysfunctional dyads may not be aware that their individual husbandry choices maybe placing themselves, and their dog, at risk. More studies are required to understand whether these findings can be applied to other populations, namely, ones that are not urban in nature. Future studies should also endeavor to confirm the findings here described by validating the existence of such dog health histories in actual dysfunctional dyads. Preemptive identification of dysfunctional dyads would allow for the development of strategies and tools to limit the negative effect these dyads on each member and on society.
